Sjögren\'s syndrome (SS), with an estimated prevalence of 0.5% to 1.0% in the general population, is a chronic autoimmune disease characterized by the production of autoantibodies, deposition of immune complexes, and infiltration of the musculoskeletal system, respiratory system, kidneys, nervous system, and exocrine glands with immune cells \[[@B1][@B2][@B3][@B4][@B5]\]. SS occurs predominately in middle-aged women and can lead to severe dry eye (DE) or dry mouth as it typically affects exocrine glands - mainly the lacrimal and salivary glands.

In SS, tear production is reduced due to chronic autoimmune inflammation of the lacrimal gland \[[@B6][@B7][@B8]\]. The hyperosmolarity and resulting tear film instability increase secretion of inflammatory cytokines such as interleukin (IL)-1, IL-6, tumor necrosis factor-α, and chemokines by immune cells \[[@B9][@B10][@B11]\]. Cytokines and chemokines promote synthesis of matrix metalloproteinase-9 (MMP-9) and increase levels of Th-1 and Th-17 cells, which in turn leads to aggravation of DE symptoms via inflammation of the ocular surface, loss of epithelial cells, and reduced mucin secretion \[[@B12][@B13]\]. Therefore, DE associated with SS is associated with more severe clinical symptoms and signs than non-SS DE \[[@B14][@B15]\].

Various conventional methods, including ocular surface disease index (OSDI), tear volume tests, tear film stability tests, and fluorescein staining have been used in the diagnosis of DE, but interpretation of the results of these tests depends on the subjective judgment of the examiner \[[@B16]\]. Efforts have been made to find more accurate methods that are based on the immunopathogenesis of DE, and devices that can measure tear osmolarity and detect abnormal MMP-9 have recently become commercially available.

Devices than can measure tear osmolarity and MMP-9 level are likely to be more objective than previous tests. Tear hyperosmolarity was found to be significantly correlated with the pathophysiology and severity of immune-mediated DE, such as that in SS \[[@B17][@B18][@B19]\]. Levels of MMP-9, which are known to be increased in ocular injuries such as graft-versus-host-disease and laser surgery, are also elevated in the salivary and lacrimal glands of SS patients \[[@B20][@B21][@B22]\]. Therefore, in this study, we aimed to determine whether tear osmolarity and MMP-9 measurements could supplement conventional tests in SS DE, and whether combining these two tests had utility.

Materials and Methods
=====================

Ethics statement
----------------

Ethical approval was obtained from the institutional review board of Chonnam National University Hospital (CNUH-2019-368), and the study protocol followed the guidelines of the Declaration of Helsinki. Participants were recruited from the Department of Ophthalmology, Chonnam National University Hospital. Informed consent was waived due to the retrospective nature of the study.

Study population
----------------

Subjects consisted of patients with SS who had been referred for collaborative treatment from the Department of Rheumatology between August 2017 and July 2018. SS was diagnosed based on the 2016 diagnostic criteria of the American College of Rheumatology/European League Against Rheumatism \[[@B23]\]. Specifically, patients were diagnosed with SS if they scored at least 4 points combined for the following criteria: (1) 3 points for a focus score of at least 1 in salivary gland biopsy, (2) 3 points if blood tests positive for SS-A antibody, (3) 1 point for a positive keratoconjunctival staining test, (4) 1 point for a positive Schirmer\'s test, and (5) 1 point for a positive test for salivary flow rate. Among patients with SS, we excluded patients who had a history of contact lens usage, took anti-glaucoma eye drops or systemic medications that could affect DE, or had undergone ocular surgery or trauma.

Measurement of clinical ocular surface indices
----------------------------------------------

For all patients, sex, age at diagnosis, systemic disease, other ophthalmological diseases, visual acuity, and intraocular pressure were investigated. In addition, OSDI, tear break-up time (TBUT), Schirmer\'s test, and keratoconjunctival staining were assessed.

At each patient\'s first visit, the extent of symptoms was assessed using the OSDI questionnaire. The OSDI questionnaire comprises five questions on DE symptoms, four questions identifying the extent of impairment in daily living, and three questions about environmental stimuli. The overall OSDI score, which ranges from 0 to 100, was calculated by dividing the sum of the scores for each question by the total number of questions answered \[[@B24]\].

To measure TBUT, one drop of 1% fluorescein solution was instilled to the inferior palpebral conjunctiva and after having the patient blink several times, the time until a defect developed in tear film fluorescence was noted. Three measurements were made under cobalt blue illumination with a slit-lamp microscope, and the mean of the three measurements was calculated. For Schirmer\'s test, a Schirmer\'s test strip (Eagle Vision, Memphis, TN, USA) was placed against the inferior palpebral conjunctiva at the lateral 1/3 point, without anesthesia, and the length of the paper moistened by tears after 5 minutes was measured in millimeters. For keratoconjunctival staining, 4 µL of 1% fluorescein solution and 4 µL of 1% lissamine green were mixed and instilled; the results were scored based on the criteria of the Sjögren\'s International Collaborative Clinical Alliance \[[@B25]\]. Based on the fluorescein stain, the extent of corneal epithelial injury (0--6) was scored as 0 if there were no punctate epithelial erosions, 1 if there were 1--5 erosive lesions, 2 if there were 6--30 erosive lesions, and 3 if there were \>30 erosive lesions. In addition, 1 point each was added if confluent fluorescein staining was observed, if the stain was observed over the pupil, or if at least 1 filament was observed. The total score was defined as the corneal staining score. Conjunctival staining based on lissamine green staining was scored as 0 if there were 0--9 punctate erosive lesions, 1 if there were 10--32 lesions, 2 if there were 33--100 lesions, and 3 if there were \>100 lesions. The ocular staining score (OSS) was evaluated, out of a total of 12 points, as the sum of the corneal staining score and the nasal and temporal conjunctival staining scores.

Tear analysis
-------------

Tear osmolarity was measured in each eye using Tearlab (TearLab Corp., San Diego, CA, USA). The test card was inserted into the Tearlab system pen, which was used to collect 50 nL of tears on the test card from the inferolateral part of the tear film. After collection, the system pen was loaded into the system to verify the measured osmolarity. Abnormal tear osmolarity was defined as a reading of ≥308 mOsm/L in one eye, or a difference of ≥8 mOsm/L between the eyes \[[@B26][@B27][@B28]\]. Since osmolarity measurement can be affected by ambient temperature or humidity, tests were performed by a single examiner in a set location to minimize error.

For MMP-9 detection, InflammaDry (Rapid Pathogen Screening Inc., Sarasota, FL, USA) was used to obtain a single measurement from one eye; the patient was not administered any eye drops for 2 hours prior to tear collection. The lower lid was everted and tears were collected from 8--10 locations. The collected sample was combined with the included test cassette, the absorbent tip was immersed in the buffer solution for 20 seconds, and the results of the test were evaluated after 10 minutes. After 10 minutes, if the MMP-9 concentration is \> 40 ng/mL, a red line and blue line are both observed in the result window, and the test is interpreted as positive for MMP-9 \[[@B29]\]. Although the intensity of the red line can vary, in this study, the appearance of a red line was interpreted as positive, irrespective of intensity.

Patients were classified into groups based on the results of the tear osmolarity and MMP-9 tests. MMP-9 positive patients with abnormal osmolarity were assigned to group 1, MMP-9 negative patients with abnormal osmolarity were assigned to group 2, MMP-9 positive patients with normal osmolarity were assigned to group 3, and MMP-9 negative patients with normal osmolarity were assigned to group 4.

Statistical analysis
--------------------

PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The Kolmogorov-Smirnov test was used to test the normality of the distributions of all variables; all variables showed a normal distribution. Pearson correlation analysis was used to examine the relationships between tear osmolarity and ocular indices. A *t*-tests were used to compare the normal and abnormal osmolarity groups, and the MMP-9 positive and negative groups. One-way analysis of variance (ANOVA) and Bonferroni post-hoc corrections were used to investigate differences in DE indices between the four groups. Interaction between tear osmolarity and MMP-9 was evaluated with two-way ANOVA. In all tests, a *p*-value \<0.05 was considered statistically significant.

Results
=======

Eighty-six SS patients were referred from the Department of Rheumatology for collaborative treatment, of which 23 patients were excluded based on the exclusion criteria, and the remaining 63 patients were included in the study. There were two male patients (3.2%) and 61 female patients (96.2%), and their mean age was 54.2 ± 13.9 years. Thirty-seven patients (58.7%) had abnormal tear osmolarity results, and 40 patients (63.5%) were MMP-9 positive ([Table 1](#T1){ref-type="table"}).

[Fig. 1A--1F](#F1){ref-type="fig"} shows the correlations between tear osmolarity and DE indices. Tear osmolarity was positively correlated with OSS (R = 0.23, *p* \< 0.01), corneal staining score (R = 0.12, *p* = 0.02), and conjunctival staining score (R = 0.22, *p* \< 0.01). Tear osmolarity was negatively correlated with TBUT (R = −0.18, *p* \< 0.01) and Schirmer\'s test (R = −0.22, *p* = 0.01), but showed no significant correlation with OSDI.

Comparisons between the normal and abnormal tear osmolarity groups revealed no significant difference in OSDI. The group with abnormal tear osmolarity had a shorter TBUT (*p* \< 0.01), lower Schirmer\'s test result (*p* \< 0.01), and higher OSS (*p* \< 0.01) than the group with normal tear osmolarity ([Table 2](#T2){ref-type="table"}). There were no differences in OSDI, TBUT, Schirmer\'s test result, or OSS between the MMP-9 positive and negative groups. However, the MMP-9 positive group had a significantly higher proportion of patients with \<5 mm in Schirmer\'s test than the MMP-9 negative group ([Table 3](#T3){ref-type="table"}).

[Fig. 2A--2F](#F2){ref-type="fig"} shows the DE indices for the four groups categorized by tear osmolarity and MMP-9 status. There were 22 patients in group 1 (34.9%), 13 patients in group 2 (20.6%), 18 patients in group 3 (28.6%), and 10 patients in group 4 (15.9%). The four groups showed differences in TBUT (*p* \< 0.01), Schirmer\'s test (*p* \< 0.01), and OSS (*p* \< 0.01), but not in OSDI (*p* = 0.57). TBUT was 3.2 ± 0.9 seconds in group 1, 3.3 ± 1.0 seconds in group 2, 4.0 ± 1.3 seconds in group 3, and 4.6 ± 1.1 seconds in group 4; times for groups 1 (*p* \< 0.01) and 2 (*p* = 0.02) were significantly shorter than the time for group 4. Schirmer\'s test results were 4.2 ± 0.8 mm in group 1, 4.8 ± 1.0 mm in group 2, 5.5 ± 2.3 mm in group 3, and 6.1 ± 1.3 mm in group 4, and the difference between group 1 and group 4 was significant (*p* = 0.03). OSS score was 6.8 ± 2.3 in group 1, 6.5 ± 2.3 in group 2, 5.0 ± 2.9 in group 3, and 4.1 ± 1.8 in group 4; values in groups 1 (*p* = 0.01) and 2 (*p* \< 0.05) were significantly higher than in group 4. Corneal staining score was not significantly different between the groups, but conjunctival staining score was significantly higher in groups 1 (*p* = 0.01) and 2 *p* \< 0.05) than in group 4 at 4.2 ± 1.6 in group 1, 4.1 ± 1.5 in group 2, 3.8 ± 2.0 in group 3, and 1.9 ± 0.6 in group 4. Interaction between tear osmolarity and MMP-9 was significant associated with Schirmer\'s test (*p* \< 0.001), but not the other DE indices.

Discussion
==========

In this study, we performed tear osmolarity measurements and MMP-9 tests, which are closely related to the pathophysiology of SS, and analyzed their correlations with DE indices in SS patients with DE. Tear osmolarity showed statistically significant correlations with TBUT, Schirmer\'s test result, and OSS, but not with OSDI. The group with normal tear osmolarity and the group with abnormal tear osmolarity had significant differences in TBUT, Schirmer\'s test, and OSS values. MMP-9 positive and MMP-9 negative groups did not show significant differences in DE indices. When the results of the two tests were combined, the group with abnormal tear osmolarity had more advanced DE indices, regardless of MMP-9 status.

Many studies have been performed on tear osmolarity in DE since Mishima et al. \[[@B30]\] found increased tear osmolarity in patients with DE compared to normal subjects. Tear osmolarity shows a strong correlation with DE severity, but the diagnosis of DE is complicated due to the lack of a clear correlation between symptoms and objective clinical signs \[[@B31][@B32]\]. In our study, tear osmolarity showed significant correlations with objective DE indices such as TBUT, Schirmer\'s test, and OSS, but no correlations with subjective symptom score (OSDI).

In a previous study, tear osmolarity showed better ability to predict the severity of DE and diagnose DE than OSDI, TBUT, Schirmer\'s test, and OSS results \[[@B26]\]. In our study, 58.7% of subjects had abnormal tear osmolarity. This is a lower percentage of subjects than those who met the diagnostic criteria for SS, e.g., a Schirmer\'s test result of \<5 mm (observed in 81.0% of patients) and OSS score ≥3 (88.9%). This may be because we assessed tear osmolarity only once.

Inflammation is known to activate MAPK signaling in the ocular epithelia, leading to increased MMP-9 production, and elevated MMP-9 is considered important in ocular surface diseases such as DE \[[@B33]\]. Messmer et al. \[[@B21]\] reported that MMP-9 was elevated in 40% of patients with DE disease, and correlated with not only DE tests such as OSDI, TBUT, Schirmer\'s test, corneal staining, and conjunctival staining, but also with meibomian gland dysfunction, female sex, and autoimmune diseases such as SS and thyroid disease. However, in another study that used an MMP-9 point-of-care test, MMP-9 levels were not correlated with the severity of ocular surface inflammation \[[@B34]\]. Similarly, there was no correlation between MMP-9 test results and DE indices in our study.

However, 80% of MMP-9 positive patients had a Schirmer\'s test result of \<5 mm, which is a diagnostic criterion for SS, and this was a significantly higher than the proportion of MMP-9 negative patients that met this criterion (55.6%). Thus, MMP-9 positive results were obtained in more severe DE, and were correlated with DE severity. Inflammadry, which was used for MMP-9 measurement, has a sensitivity of 66% to 97% in DE patients \[[@B35]\]. In our study, 63.5% of patients with DE associated with SS were MMP-9 positive. In one study that used both Inflammadry and an enzyme-linked immunosorbent assay to measure MMP-9, no correlation was found between MMP-9 levels ≥40 ng/mL (the threshold value of InflammaDry) and DE indices and the sensitivity for DE diagnosis was 11%, but there was a correlation between MMP-9 levels ≥10 ng/mL and DE symptoms and indices \[[@B36]\].

We classified patients into four groups based on the combined results of the tear osmolarity and MMP-9 tests, and found that, irrespective of the MMP-9 results, there were significant differences in clinical indices between groups with abnormal and normal tear osmolarity. Furthermore, there were statistically significant differences in TBUT, Schirmer\'s test, total OSS, and conjunctival staining score between groups 1 and 2, and group 4. Thus, combining tear osmolarity and MMP-9 results might be useful to predict the severity of DE associated with SS. Since this was a single-center, cross-sectional study in a tertiary institution, rather than an epidemiological study of the entire population, it may have been biased towards patients with more severe symptoms. Although tear osmolarity and MMP-9 were measured with specialized devices, measurements were taken only once, which limits the reliability of the test results. In addition, due to the small sample size in this study, we were unable to determine reference values for tear osmolarity in SS; large-scale studies are required to determine these.

Our study is valuable because we measured tear osmolarity and MMP-9, which are closely related to SS pathophysiology, and demonstrated their correlations with DE indices. Tear osmolarity was correlated with DE indices. Furthermore, combining tear osmolarity and MMP-9 test results may be helpful to determine the severity of DE associated with SS. Patients with severe DE tended to be MMP-9 positive, indicating that measurement of MMP-9 may be useful for future diagnosis and grading of DE in patients with SS.
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![Correlation between tear osmolarity level and dry eye indices. (A) No significant difference was evident between tear osmolarity and ocular surface disease index (OSDI). (B) Tear osmolarity correlated negatively with tear break-up time (TBUT), and (C) Schirmer test results, but (D) positively with ocular staining score (OSS), (E) corneal staining score, and (F) conjunctival staining score.](kjo-34-179-g001){#F1}

![Comparison of four groups classified by tear osmolarity and matrix metalloproteinase-9 (MMP-9) in (A) ocular surface disease index (OSDI), (B) tear film break-up time (TBUT), (C) Schirmer test, (D) ocular staining score (OSS), (E) corneal staining score, and (F) conjunctival staining score. Group 1: abnormal tear osmolarity and positive MMP-9, group 2: abnormal tear osmolarity and negative MMP-9, group 3: normal tear osmolarity and positive MMP-9, group 4: normal tear osmolarity and negative MMP-9. ^\*^*p* \< 0.05.](kjo-34-179-g002){#F2}

###### Clinical characteristics of patients with dry eye associated with Sjögren\'s syndrome
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Values are presented as mean ± standard deviation or number (%).

OSDI = ocular surface disease index; TBUT = tear break-up time; OSS = ocular staining score; MMP-9 = matrix metalloproteinase-9.

###### Comparison between abnormal and normal tear osmolarity groups
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Values are presented as number (%) or mean ± standard deviation.

OSDI = ocular surface disease index; TBUT = tear break-up time; OSS = ocular staining score.

###### Comparison between MMP-9 positive and negative groups
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Values are presented as number (%), mean ± standard deviation, or number.

MMP-9 = matrix metalloproteinase-9; OSDI = ocular surface disease index; TBUT = tear break-up time; OSS = ocular staining score.
